The article deals with the economic evaluation of investment and optimization of the renewable energy sources for family houses. For example, from the point of view of solar systems, the optimal solution is based on the specific application of it. The design is dependent on the location of the panels and ration between active aperture area and real daytime consumption. Common calculations according to actual standards often give overstated results, which also reflected in the value of the investments. The article shows the research of optimal parameters of the thermal solar system for preparing of domestic hot water. A combination of related standards and software TRNSYS are used to find optimal parameters. Thanks to created and verified simulation models, it is possible to design parameters so as to avoid under-dimensioning or over-dimensioning of the each system. Energy price is another factor affects the payback period of investments. This is affected by the used energy sources and their combination. For example, buildings that use electricity to heat water or heating have different energy charges than a building that uses natural gas. So, the aim is to find optimal solution of the combination of renewable energy sources.
Introduction
Nowadays, the emphasis is placed on the use of renewable energy sources for heating, ventilating and air conditioning systems (HVAC). These sources have been massively deployed for many years. However, they are not always designed with respect to the economy of operation and investment. Very often, HVAC systems are designed as independent subsystems, regardless of their possible combinations. This all leads to an efficiency decreasing and investment increasing, in some cases. Therefore, it is advisable to focus on technical and economic optimization at the same time.
The research in this article is focused on systems for the existing family house located in the suburban part of the city of Zln in the Czech Republic. This object needs to be equipped with a new heat source. The question is which sources with the potential use of renewable energy sources will be the most advantageous. The family house is occupied by a fourmember family and calculated heat loss of the object is about 8 kW. Calculations of the economic return and the determination of energy supply prices are based on annual energy for heating, domestic hot water generation and consumption of electrical appliances.
Energy requirements
The first step in choosing energy sources is to determine the energy requirements for the object. Therefore, it is necessary to calculate the heat loss of the building, the power required for a domestic hot water system and also the electricity consumption of electrical appliances. The following subsections describe the calculations and the determination of these parameters.
Heat load
For the determination of the annual energy requirement for heating, it is necessary to know the value of the heating degree-days that can be determined by the equation (1) . Then the design energy requirement for heating can be determined by the equation (2) [1] .
where ε correction factor of building type and operation (-), η o η r regulation and distribution efficiency (-), Q HL heat loss of the object (kW), DD degree-days (K·day), d length of the heating season (day), θ is internal design temperature ( • C), θ es external design temperature in the heating season ( • C), θ e external design temperature ( • C).
The average internal design temperature is 20 • C, the average external design temperature in the heating season is 4 • C and the length of the heating season is 226 days. The coefficient ε was set to 0.75 for the medium object with small heating pause intervals. The regulation and distribution efficiency is set to 95 %. Using the equations (1) and (2) we get an annual energy requirement for heating: [4, 6] . Daily energy requirement can be determined from the equation:
Where the theoretical withdrawn heat from the heater,Q 2t in kWh, is determined by the relationship (5) and the heat lost during heating and distribution, Q 2z in kWh, can be determined by the relationship (6):
where
The annual energy demand for DHW generation in accordance with standards is obtained by calculating the equations above, and multiplying with the number of days of operation:
where ρ density (kg ·m −3 ).
According to standards, the amount of water per person per day is up to 82 litres and energy loss coefficient is up to 50 %. This is significant overdimensioning of the solar DHW system. According to these requirements, the energy required for DHW generation per year would be:
According to experts, the value of the amount of water is too high. It can actually range from 25 to 50 litre per person per day, which also correspond to more realistic values in the standard CSN EN 15361-3. Similarly, energy losses are up to 50 % according to the standard. In real terms, thermal energy losses in DHW distribution and generation are from 20 to 40 %. For the building under consideration, the water consumption is set at 45 litres per person per day and the energy loss coefficient is 0.25. According to these new requirements, the energy required for DHW generation per year is:
The difference of energy is more than 50 % for these examples. This is also reflected in the design of the energy source, eg. the number of solar collectors, the size of DHW tank, parameters of auxiliary heater, etc.
Total annual energy consumption
The total energy demand for one year, Q T , is given by the sum of the annual energy requirements for heating, Q H , hot water generation, Q DHW , and energy for household appliances, Q E , which was set at 4.5
MWh per year.
All these values are the input parameters for determining the economic returns of selected systems and energy sources. Important point is that different energy sources (natural gas or electricity) have different prices per unit of energy.
Electricity supply
As already mentioned, different systems bring different energy supply conditions and their prices. The price per unit of supplied electricity is given according to the contractual distribution tariff. It is only valid under certain conditions, see current distribution tariffs in the Czech Republic:
• D01d, D02d -normal tarrif for households without electricity production,
• D25d, D26d -electrical storage appliances or electrical water heating,
• D35d -hybrid (mixed) electric heating,
• D45d -household heating using direct electric heating appliances,
• D57d -hybrid or direct electric heating appliances or heat pump system,
• D61d -cottages.
The price of each tariff is composed of the price per energy unit and fees for the circuit breakers, support of renewable energy sources (RES) and the distribution. The fees for breakers, support of RES and distribution are given by the monthly flat rate. It results in a change in the final price per delivered energy unit.
In the case of gas supplies, the issue of the final price is similar. Tariffs are related to the amount of gas taken -the less taken gas leads to the higher cost per energy unit. The distribution fees are given by the monthly flat rate again.
Each energy source has different final cost per energy. These all differences may cause incorrect investment assessment.
Economics
The research also explores the economic return of the proposed systems. Monitored parameters include payback period, discounted payback period, net present value and internal rate of return. These terms are explained and described in the following text.
Payback period
Payback period is a very often used economic criterion. It is simple, but not so accurate. It does not consider inflation, discount or lifetime of the project. However, it can be used as a simple indicator of return on investment. Payback period is calculated as:
where IN investments, costs of the project, CF cash flow, average annual yield.
Discounted payback period
The discounted payback period (DPP) formula is used to calculate the length of time to recoup an investment based on the investment's discounted cash flows. By discounting each individual cash flow, the DPP formula takes into consideration the time value of money [7] :
where α inflation, r discount rate.
Net present value
Net present value (NPV) is the difference between the present value of the future cash flows from an investment and the amount of investment. The present value of the expected cash flows is computed by discounting them at the required rate of return [8]:
where t project lifetime (year).
Positive net present value means a better return and negative net present value means a worse return than the return from zero net present value. It is one of the discounted cash flow techniques used in the comparative of investment proposals where the flow of income varies over time [9] .
Internal rate of return
Internal rate of return (IRR) method also takes into account the time value of money. It analyses an investment project by comparing the internal rate of return to the minimum required rate of return. The internal rate of return is the rate at which an investment project promises to generate a return during its useful life. Internal rate of return is the discount rate at which a projects net present value becomes equal to zero [9] .
If the internal rate of return of the investment project is greater than or equal to the minimum required rate of return, the project is considered acceptable otherwise the project is rejected.
Methods
This chapter describes an example of optimizing the solar water heating system and choosing suitable energy sources for the family house.
Solar water heating system optimizing
This chapter deals with the practical applications of the mentioned calculations. Part of the chapter is the use of computational methods according to standards and their comparison with the results obtained from dynamic simulations of the same configurations for real climatic conditions. For accurate analysis was made a model of the solar system in the TRNSYS simulation software, see 1. The simulations used the measured data from the meteorological station located at the FAI TBU in Zlin. These data for climatic conditions were measured in 2017 Based on the data obtained so far, it is possible to start solving the optimization of the proposed solar water heating system. The optimization is based on the search for the optimal number of solar collectors for the different DHW consumption. From a technical point of view, the optimal system can cover as much heat demand as possible and it can use the maximum installed capacity at the same time. It means the system works with the minimum of energy surplus. From an economic point of view, this situation is also appropriate, as there is a positive ratio of investment and energy savings.
The following tables show the results of the simulations for a different number of solar collectors and different DHW consumption. It is possible to see the total heat demand to be covered, Q p,DHW (kWh · y −1 ), the theoretically usable heat gains of the solar collectors, Q k,u (kWh · y −1 ), and the real utilization of the solar system, Q ss,u (kWh · y −1 ). The table also contains the percentage utilization of solar radiation, n sol (%), and installed power of solar collectors, n sc (%). The percentage utilization of installed power is the ration of the heat real used and the theoretically achievable maximum. From the tables and graph above, it is clear that one piece of collector covers from 24 to 53 % of the heat demand and its power is utilized at 100 %. This shows that the system is under-dimensioned and unable to cover the heat demand in any period. For two and three pieces, the situation is more positive. The coverage of the heat demand is from 48 to 84 % and the power utilization is 81 to 100 %. For more collectors, the coverage of the heat demand is further increased, but the percentage utilization of the installed power decreases, see Tab. 4. It means the system is over-dimensioned. As can be seen, the difference between one and two pieces of solar collectors is considerable. However, adding more pieces does not provide adequate additional energy coverage. It only leads to increasing investments with decreasing usability. Among other things, over-dimensioning of the system leads to stagnation and thus to degradation of the heat transfer medium and solar collectors [10, 11, 12, 13] . The system with two or three solar collectors appears to be optimal for the designed conditions. The next charts show the results for higher DHW consumption -45 l·p −1 day −1 . This option can cover almost any situation in a normal household, so it is chosen as the default. In the charts, it can be seen that two pieces of solar collectors almost ideally cover the heat demand in the months of April to September. This option has optimal use of installed power with only small surpluses. From the obtained data and information, it is possible to move on to the economic evaluation of investments of individual variants of the solar water heating system.
The same procedure was used to determine the optimal parameters of other energy sources for which the economic assessment is carried out in the next chapter.
Energy sources
This chapter is related to examples of family houses using natural gas (Case 1) and electricity (Case 2) as a primary energy source. The results show differences in suitable choice of energy sources for these cases. In both cases, several possible options are chosen. Every option includes changes in energy prices, regular service, checks, and possible power overlays that may lead to an increase in the payback period of individual investments.
For the investment assessment, the data are determined according to CNBs website (Czech National Bank) [14]: exchange rate 1 EUR = 25.5 CZK, inflation 2 % and discount rate 0.5 %. The lifetime of the projects is 20 years. The prices of energies are based on current price lists of distributors in the Czech Republic in 2018. Every investment is based on independent supply and demand of individual technical solution.
The following list presents the possible solutions and their combinations: In case of combinations of different sources (gas, electricity, RES), the issue of energy price changes and their power co-operation needs to be addressed.
Results and discusion
Based on collected data and selected energy sources, investment assessment can be performed. The assessment is done for individual energy sources and also for their mutual combinations, see the previous chapter. As already mentioned, simulations and calculations deal with two possible cases -the reconstruction of a family house using natural gas or electricity as a primary energy source. As can be seen from the table, in the case of changing to a fully electric system it is possible to obtain the distribution tariff for electric heating. It leads to a reduction of electricity prices, but the total energy costs are higher than at the current state. The interesting finding is about solar collectors, which have a large annual profit, but their DPP is very long, because of the gas price. On the other hand, this situation is different with using the heat pump or photovoltaic system.
In this case, it seems to be the best option is to install the heat pump or its combined with solar collectors or photovoltaics.
Case 2: Family house using an electric boiler
In the case of a family house using an electric heating, condensing gas boiler combined with RES is the best option in terms of the payback period. However, it is envisaged to set up a gas connection in the price of about 1200 EUR. It can be much more, or it can be unrealizable in reality. If the realization of gas connection is problematic, the HP and its combination with other RES is the most advantageous option. Compared to the first case there is a change in solar collectors, their payback period was very long in the first variant, but they can be successfully applied here, especially in combination with the HP. The opposite change is photovoltaic, which almost does not worth it. It does not bring significant energy savings or reduced energy unit prices in this case. An interesting thing is the combination of the HP and PV, which has a very interesting net present value of the project.
Comparison of individual solutions
The most obvious presentation of the results of each solution can be seen in the graphs below ( Figure  5, Figure 6, Figure 7 ) that include discounted payback period, net present value and internal rate of return. By comparison of individual cases, it is clear that each variant offers different appropriate solutions that will pay off. In both cases, the choice and installation of the heat pump and its combination with other RES is very profitable. In the case of electric heating, it is advantageous to buy a gas condensing boiler. On the other hand, as already mentioned, it can be problematic to realize the gas connection.
Conclusion
Nowadays, many buildings are under construction or reconstruction, and the old heat sources are replacing by new. There is an emphasis on using renewable energy sources. It may seem that the selection is clear, and the investment in the different systems will return very quickly. However, in reality, the choice of a suitable energy source for heating and hot water generation is not entirely straightforward and unambiguous. Two cases of the real family house were described in the text. The article shows different options for investing in a new energy source. From the results, the heat pump is advantageous for all possible cases. The use of solar collectors and photovoltaic panels may be contra productive. On the other hand, their application may be very advantageous, in some cases, especially in combination with other sources. The article shows how important it is to take into account the combination of different sources and their mutual influence.
